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(54) Process for forming a cured film of a thermosetting resin 

(57) A process for forming a cured film comprising 
the steps of: coating an alkali-solii^le thermosetting 
resin composition on a substrate, and baking it; coating 
a radiation sensitive resin composition on the coated 
film, and baking it; exposing the radiation sensitive resin 
conposition on the substrate to radiation through a pre- 
determined mask and baking it; carrying out develop- 
ment with an alkaline developer; immersing the 
substrate carrying the coated films in a stripping solu- 
tion; and heating the aikali-solut)le thernv>setting resin 
remaining on the substrate to obtain a cured film pat- 
tern. 
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Description 

Detailed Description of the Invention 

5 [0001 ] The present invention relates to a cured film and a process for forming the same. More specifically, it relates 
to a process for forming a cured film pattern by coating a radiation sensitive resin composition on a thermosetting resin 
conposition which is not sensitive to radiation and patterning the lower layer thermosetting resin composition, which is 
useful as a protective film, flattening film and interlayer insulating film of electronic parts, particularly an interlayer insu- 
lating film for Hquid crystal display elements, integrated circuit elements and solid image pick-up elements. 

10 [0002] On an electronic part such as a liquid crystal display element, integrated circuit element or solid image jpkk- 
up element, a flattening film for securing flatness for the surface of the electronic part, a protective film for preventirig 
deterioration or damage, and an insulating fflm for keeping electric insulation are formed. In a thin film transistor liquid 
crystal displ^ element and integrated circuit element, an interlayer film for insulating lanwnar wires from each other is 

further provided. • ^ ^ 

IS [0003] Due to a recent trend toward an increase in the densities of the above elements and wnres in the above ele- 
ments, a resin composition which can provide a film having a low dielectric constant is desired. Further, tiiere is a case 
where transparency is required for an interlayer insulating film as a more important factor. Particularly, tor an insulating 
film used in a liquid crystal display element transparency is an essential factor. To form a transparent electrode on the 
insulating film, heat resistance is also an important factor. 
20 [0004] However, when a conventional radiation sensitive resin is healed at a high temperature to form an interlayer 
insulating film, for exanple. the oxidation of the resin takes place due to the high acidity of a sensitizer contained in the 
resin and a film having sufficient transparency cannot be obtained. Further, the obtained film has a high dielectric con- 
stant due to high polarity. ^ • . 
[0005] It is therefore an object of the present invention to provide a process for forming a cured film having a low die- 
25 lectrk: constant and excellent flatness, heat resistance, solvent resistance, transparency, insulating properties and proc- 
ess allowance. 

[0006] Other objects and advantages of the present invention will become apparent from the foltowing description. 
[0007] The inventors of the present invention have conducted intensive studies on the above problems and have found 
that the above problems can be solved by using a combination of specific resin compositions. 
30 [0008] According to ttie present invention, the above objects and advantages off the present invention can be attained 
by a process for forming a cured film, which comprises the steps of: 

(1) coating an alkali-soluble thermosetting resin composition on a substrate, and l>aking it; 

(2) coating a radiation sensitive resin composition on the coated film, and t>aking it; 

35 (3) exposing the radiation sensitive resin composition on the substrate to radiation through a predetermined mask 
and baking it; 

(4) canying out devetopment with an alkaline devetoper; 

(5) immersing ttie substrate carrying the coated f ilnre in a stripping solution to remove the upper layer film; and 

(6) heating the tower layer film of alkali-soluble thermosetting resin remaining on the siibslrate to obtain a cured film 
40 pattern. 

[0009] The present invention will be described in detail hereinafter. A description is first given of ttie radiation sensitive 
resin composition and alkali-soluble thenmosetting resin. 



45 Radiation sensitive re sin composition 

[001 0] In the process of the present invention, ttie radiatfon sensitive resin composition preferably comprises an alkaG- 
soluble resin, particularly a novolak resin, polyvinylphenol or copolymer of vinylphend and ottier olefri copolymerizable 
therewith, a radiation sensitive compound, a solvent and other additives as required. 

so [001 1] The novolak resin is obtained by polycondensing a phenol witti an aWehyde in the presence of an acid catalyst. 
Illustrative exarrples of the phenol include phenol, o-cresol, m-aesol. p-aesol, o-ethylphenyl. m-ethylphenyl. p-ethyl- 
phenol. o-bulylphenol. nvbutylphenol. p-butytphend, 2,3-xylenol, 2,4.xylenol. 2.5-xylenol. 3.4-xylenol. 3.5-xylenol, 
2.3.5-ti'imettiylphenol. 3,4,5-trimettiylphenol, p-phenytphend. hydroquinone, catechol, resordnol, 2-mettTylresoranol. 
pyrogallol. o-naphthd. p-naphtiiol. bisphend A. dihydroxybenzok: ester, gallic ester, o-nitrophend. m-nitrophend. p- 

55 nitrophend. o-chlorophenol. m-chlorophend. p-chlorophenol and ttie like. Of ttiese compounds, o-cresol. m-cresd, p- 
cresd, 2.3-xylenol. 2.4-xylenol. 2.5-xylend. 2.3,5-trimettiylphenol. resordnd and 2-metiTylresorcind are preferred. 
These phenols may be used alone or in combination of two or nxjre. 

[001 2] Illustrative examples of the aldehyde to be pdycondensed with the phend include formaWehyde, trfoxan, para- 
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formaldehyde benzaWehyde. acetaWehyde. propylaWehyde. phenylakJehyde, a-phenylpropy!aldehyde. p-phenytpropy- 
laldehyde o-hydroxybenzaWehyde. m-hydroxybenzaWehyde. p-hydroxybenzaWehyde. o-chlorobenzaldehyde. m- 
chloroberizaldehyde. p^hlorobenzaWehyde, o-nitrobenzaldehyde. m-nitrobenzaWehyde. p-nitrobenzaldehyde. o-meth- 
vlbenzakJehyde. m-methylbenzaldehyde. p-methylbenzaWehyde. o-ethyibenzaWehyde. m-ethylbenzaWehyde p-^hyl- 
benzaldehyde p-n-normalbutylaldehyde. furfural. 1 -naphthaWehyde. 2.naphthaldehyde, 2.hydroxy-1-naph1haldehyde 
and the like Of these, formaldehyde is particularly preferred. These aldehydes may be used alone or in combinaton of 
two or more. The aldehyde Is generally used In an amount of 0.7 to 3 moles, preferably 0.7 to 2 moles, based on 1 mole 
of the phenol. 

[001 3] As the acid catalyst may be used hydrochloric acid, nitric add. sulfuric add. formic acid, acetic acid. Qxalic acid 
or the like The amount of the add catalyst used is 1 x 10"^ to 5 x 10"^ mole based on 1 mole of the phenol. 
[001 4] Water is generally used as a reaction medium in the polycondensation reaction but a hydrophilic solvent may 
be used as a reaction medium when the phenol used in the polycondensation reaction does not dissolve in an aqueous 
solution of an aldehyde and the reaction is earned out in a heterogeneous system at the beginning of the reaction. The 
solvent used in this case is an alcohol such as methanol, ethanol or butanol; or a cydic ether such as tetrahydrofuran 
or dioxane. The amount of the reaction medium used is preferably 20 to 100 parts by weight based on 100 parts by 
weight of the reaction raw materials. 

[001 51 The polycondensation reaction temperature can be suitably adjusted according to the reactivity of the reaction 
raw materials but is generally 1 0 to 200*>C. After the end of the polycondensation reaction, the temperature is generally 
raised to 130 to 230°C to remove the unreacted raw materials, the add catalyst and the reaction medium remaining in 
the system a volatile content is distilled off at a reduced pressure, and the novolak resin is collected. 
[0016] The weight average molecular weight (to be referred to as "Mw" hereinafter) in terms of polystyrene of the 
novolak resin is generally in the range of 2.000 to 20.000. preferably 3.000 to 15.000. When the Mw is more than 
20 000, it may be difficult to coat the composition on a wafer uniformly, and developability and sensitivity may tower. 
When iie Mw is less than 2.000. the alkali resistance of H as the upper layer film may lower. 

[001 7] A pdyvinylphenol and a copolymer of vinylphenol and other olefin copolymerizaWe therewith may also be used 

as the alkali-sduble resin as descrit)ed above. 

[0018] The copolymer may be a copolymer obtained liy preparing a copolymer of t4)utoxy5tyrene or acetoxyslyrene 
and other olefin copolymerizaWe therewith and hydrolyzing it. ^ ^ x 

[001 9] Illustrative exarrples of the other olef in copolymerizaWe with vinylphenol (or t-butoxyslyrene or acetc»cystyrene) 
indude (melh)acryloyl group-containing rarfcal polymerizaWe compounds such as methyl (meth)acrylate. ethyl 
(meth)acrylate. n-propyl (meth)acrylate. i-propyl (meth)acrylate. n-butyl (meth)acrylate. sec-butyl (meth)acrylate. tert- 
butyl (meth)acrylate. 2-ethylhexyl (meth)acryiate. lauryl (meth)acrylale. dodecyl (meth)acrylate. dicyclopentanyl 
(meth)acrylate. isobornyl (meth)acrylate. cyclohexyl (meth)acrylate. 2-methylcyclohexyl (meth)acrylate. dicydohexyl 
(meth)acrylate adamantyl (meth)acrylate. allyl (meth)acrylate. propargyl (meth)acrylate. phenyl (meth)acrylate. naph- 
35 thyl (meth)acrylate. anthracenyl (meth)acrylate. cyctopentyl (meth)acrylate. furyl (meth)acrylate. tetrahydrofuiyl 
(meth)acrylate. pyranyl (melh)acryiate. benzyl (metti)acrylate. phenethyl (meth)acrylate. cresyl (melh)acrylale. 1.1.1- 
trifluoroethyl (meth)acrylate. peifluoroethyl (meth)acrylate. perfluoro-n-propyl (meth)acrylate. perfluoron-propy^ 
(meth)acrylate triphenylmethyl (meth)acrylate. cumyl (meth)acrylate. 2-hydroxyethyl (meth)acrylate. 2-hydroxyprowft 
(meth)acrylate amide (meth)acrylate. N.N-dimethylamide (meth)acrylate. N.N-dipropylamide (meth)acrylate. anilide 
(methlacrylate and {meth)acrylonitrile: vinyl group-containing radical polymerizaWe compounds such as acrolein, vinyl 
chloride vinylidene chloride. N^nylpyrrolidone. vinyl acetate, styrene. a-methylslyrene. o-methylstyrene. nwnethylsty- 
rene p-methylstyrene. p-methoxystyrene, p-methoxymethylstyrene. p-tert-butoxystyrene. chloromelhylstyrene. butadi- 
ene, '2.3-dimethylbutadiene and isoprene; unsaturated carboxylic diesters such as diethyl maleate. diethyl fumarate and 
dietfiyl itaconate; and the like. 

[0020] Of these, styrene. a-methylstyrene. p-tert-butoxystyrene. dicyclopentanyl methacrylate. methyl methacryiate. 
tert-bulyl (meth)acrylate. 2-hydroxyethyl methacryiate. benzyl methacryiate. butadiene and isoprene are prefen-ed. 
[0021 1 The weight average molecular weight (to be referred to as "Mw" hereinafter) in terms of polystyrene of the pol- 
yvinytohenol or vinylphenol copolymer resin is generally in the range of 1.000 to 30.000. preferably 2.000 to 25,000. 
When the Mw is more than 30.000. it may be difficult to coat the composition on a wafer uniformly, and developability 
and sensitivity may tower. When the Mw is less than 1.000. the alkali resistance of it as the upper layer film may lower. 
[0022] The radiation sensitive resin conposition of the present invention may be for a positive or negative pattern. 
However when the thermally cured film is used as an interlayer insulating film for an LCD or the fike. the radiatfon sen- 
sitive resin composition is preferably a positive pattern. When the radiation sensitive resin composition is a negative pal- 
tern a load exerted on an exposure lens is large because the almost entire surface of the radiation sensitive resin 
convosition is exposed, thereby causing deterioration in the performance of the lens. Further, nonunrformity of expo- 
sure in a joint between exposure frames and printing due to the halation of the lower layer wire occur. When the radia- 
tion sensitive resin composition is for a positive pattern, the exposure area is small, and nonunrformity of exposure in 
the jdnt and the printing of the wire do not occur. Therefore, the radiation sensitive resin composition for a positive pat- 
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tern is preferred from this point of view. 

[0023] Preferred examples of the radiation sensitive compound used in the present invention include 1 ,2-benzoqui- 
nonediazide-4-suHonic esters, 1,2-naphthoquinonedia2ide-4-sulfonic esters. 1.2-naphthoquinonediazide-5-suHonic 
esters and l.2-naphthoquinonedia2ide-6-suHonic esters of polyhydroxy compounds. Of these, 1 .2-naphlhoquinonedi- 

5 azide-4-sutfbniG esters and 1 ,2-naphthoquinonedia2ide-5-sulfonic esters are especially preferred. 

[0024] The radiation sensitive compound is obtained, for example, by reacting a polyhydroxy compound with quinone- 
diazidesuHonyl chloride in the presence of a basic catalyst. The proportion (average esterification rate) of the quinone- 
diazidesuHonic ester to the total of the hydroxyl groups of the polyhydroxy compound is 20 % or more and 100 % or 
less, preferably 40 % or more and 95 % or less. When the average esterification rate is too low, it may be cfifficult to form 

70 a pattern, and while the rate is too high, sensitivity may lower. 

[0025] The polyhydroxy compound used is not particularly limited but exemplified by compounds represented by the 
following formulas: 




wherein to X15 are the same or different and each a hydrogen atom, alkyi group having 1 to 4 cartx>n atoms, 
alkoxy group having 1 to 4 cartx>n atoms, aryl group having 6 to 10 carbon atoms or hydroxyl group, provided that at 
least one of Xi to X5 and at least one of Xg to X^o are a hydroxyl group, and is a hydrogen atom or alkyI group having 
1 to 4 cartx>n atoms. 



35 



40 



45 




wherein X^g to X30 are the same as X^ to X^g, provided that at least one of X^g to Xgo. at least one of X21 to X25 
and at least one of Xge to X30 are a hydroxyl group. Y2 to Y4 are the same or different and each a hycfrogen atom or 
alkyI group having 1 to 4 caitx>n atoms. 

55 
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wherein X31 to X44 are the same as to X^g, provided that at least one of X31 to X35 is a hydroxyl group, and 
Y5 to Ya are the same or different and each a hydrogen atom or alkyi group having 1 to 4 cartx>n atoms. 




wherein X45 to X58 are the same or cfifferent and each a hydrogen atom, halogen atom, alkyI group having 1 to 
4 cartx>n atoms, alkoxy group having 1 to 4 carbon atoms, cyck>alkyl group having 5 to 7 carbon atoms or hydroxyl 
group, provided that at least one of X45 to X48 and at least one of X49 to Xs3 are a hydroxyl grouf^ and Y9 and Y^o are 
the same or different and each a hydrogen atom. alkyI groip having 1 to 4 cart>on atoms or cydoalkyl groi^ having 5 
to 7 cartXKi atoms. 



40 




wherein X59 to Xgo are the same as X45 to Xgg, provided that at least one of X59 to Xes. at least one of X64 to 
X67. at least one of X72 to X75 and at least one of X76 to Xao are a hydroxyl groip, and Yi^ to Y^g are the same or dif- 
ferent and each a hydrogen atom or alkyI group having 1 to 4 carkx)n atoms, arxJ 




wherein Xei to X90 are the same or different and each a hydrogen atom, alkoxy group having 1 to 4 carbon 
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atoms, aryl group having 6 to 1 0 carbon atoms or hydroxy! group, provided that at least one of Xgi to X90 is a hydroxyl 
group. 

[0026] In the radiation sensitive resin composition in the present invention, the radiation sensitive compound is pref- 
erably used in an amount of 5 to 60 parts by weight, particularly preferably 10 to 50 parts by weight t>ased on 100 parts 
by weight of the alkali-soluble resin. The above radiation sensitive compounds may be used alone or in combination of 
two or more. 

[0027] The total weight of the residual 1 .2-quinonediazidesu»fonyl groups in the composition is preferak)ly adjusted to 
5 to 50 wt%. more preferably 1 0 to 30 wl% based on the total solid content of the composition. 
[0028] The radiation sensitive resin composition in the present invention may contain various additives such as a sen- 
sitizer, surfactant dissolution pronrxjting agent and the like. 

[OG^] The sensitizer is used to inprove the sensitivity of the composition. Illustrative examples of the sensitizer 
include 2H-pyrido-(3,2-b)-1,4-oxazin-3(4H)-ones, 10H-pyrido-(3,2-b)-1.4-benzotWazines, urazols, hydantoins, barbitu- 
ric a;ids, glycine anhydrkJes. 1-hydroxybenzotriazoles, alk>xans. maleimkJes and the like. The sensitizer is generally 
used in an amount of 50 parts or less by weight based on 100 parts by weight of the radiation sensitive compound. 
[0030] The surlactant is used to improve the coating properties and devetopability of the composition. Illustrative 
examples of the surfactant include polyoxyethylene lauryl ether, polyoxyethylene oleyl ether, pdyoxyethylene octylphe- 
nyl ether, polyoxyethylene nonylphenyl ether, polyethylene glycol dilaurate. polyethylene glycol distearate. F Top EF301 . 
EF303 and EF352 (trade names, manufactured by Shin Akita Kasei Co., Ltd.). M EGAFAC F171, F172 and F173 (trade 
names, manufoctured by Dainippon Ink & Chemicals. Inc.). Ruorad FC430 and FC431 (trade names, manufactured by 
Sumitomo 3M Umrted). Asahi Quard AQ710 and Surfton S-382. SC-101, SC-102. SC-103. SC-104, SC-105 and SC- 
106 (trade names, manufactured by Asahi Glass Co.. Ltd.), KP341 (trade name, manufactured by Shin-Etsu Chemk»l 
Co.. Ltd.). Polyf tow No. 75 and Na 95 (trade names, manufactured by Kyoeisha and VUshi Kagaku Kbgyo Ca, Ltd.) and 
the like. The surfactant is generaOy used in an amount of 2 parts or less by weight based on 100 parts by wei^ of the 
alkali-solut>le resin. 

[0031 ] In the present invention, a dissolution promoting agent comprising a low-molecular weight phenol compound 
may be added to promote the alkali solubility of the alkali-solutrfe resin. The dissolution promoting agent is suitably a 
phenol conpoonA having 2 to 5 benzene rings, as exemplified by compounds represented by the folkMring formulas (1) 
to (9): 
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(HO),^_. ^^(OH)^ 
(H,C), (CH,), 



(H3C). CH3 (CH,), 



(OH) 

(HO) 



» (H3C) 



): ^CH,), (CH,). 



(3) 



(OH)b 

(HO)...^ f3 r CH3 (oH)e 
(H,C). CH3 \ CH3 (CH3). 
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{H3C). (T-S (CH,), (5, 

W*^(OH)e 

(H3C). 



(H,C), [j-S <CH,), 

(H3C), 



(H3C). (CH3), 



H,C C CH3 

(HjC). 



— c — ttlj 
^^(OH). 



.(OH). 



(H3C) 




11 >-(OH)^ 



y 



(6) 



(7) 



CH-f 3 (8) 
(CH,). 



(H3C), c=0 (CH,), (9) 

I 

wherein a. b and c are each an integer of 0 to 3 (eoccltiding a case where a. b md c are aM 0). and x, y and z are 
each an integer of 0 to 3. provided that a+x * 5 , bty s 5 and c^z s 5 <b4-y s 4 for compounds represented by for- 
mulas (3) and (4)). 

[00321 The amount of the dissolution promoting agent is generally 50 parts or less by weight based on 1 00 parts l>y 
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weight of the alkali-soluble resin. 

[0033] The solvent is preferably an aprotic solvent to prevent intermixing with the alkafi-soluble thermosetting resin 
used as a lower layer film. ^ ^t. 

[0034] Illustrative exarrples of the aprotic solvent include aliphatic monoketones such as methyl methoxyacetate, 
ethyl methoxyacetate. propyl methoxyacetate. butyl methoxyacetate, methyl ethoxyacetate. ethyl ethoxyacetate. propyl 
ethoxyacetate. butyl ethoxyacetate. methyl propoxyacetate. ethyl propoxyacetate, propyl propoxyacelate. butyl pro- 
poxyacetate methyl butoxyacetate. ethyl butoxyacetate. propyl butoxyacetate. butyl butoxyacetate. methyl 2-methoxy- 
propionate ethyl 2-methoxypropionate. propyl 2.methoxypropionate, butyl 2-methoxypropionate. methyl 2- 
elhoxypropionate. ethyl 2-ethoxypropionate. propyl 2-ethoxypropionate. butyl 2-ethoxypropionate. methyl 2-propoxy- 
propionate ethyl 2-propoxypropionate, propyl 2-propoxypropionate, butyl 2-propaxypropionate. 2-heptanone. 3-hep- 
tanone 4-fieptanone. methyl-n-hexylketone. methyl-n-octylketone. methyl-n<lodecylketone. ethyl-n-pentylketone. di-n- 
propylketone dfisopropyl ketone. n-propyUsopropyl ketone, di-n-butylketone and di-n-pentylketone; and alicyclic 
monoketones such as 2-methyteyclohexanone. 3-methyteyclohexanone. 4-methyk5yclohexanone. 2-ethylcyctohex- 
anone. 4-ethyteyck>hexanone. methyl-n-hexylketone, 2-t-bulylcyclohexanone, cycloheplanone, cyckxxrtanone. 
cyclononanone and cycloundecanone. Intermixing can be prevented more aJvantageously by adding hydrocarbons 
such as xylene, toluene, tetralin and bicyclohexyl to these. 
[0035] These organic solvents may be used in combination of two or more. 

[0036] Of these, ethyl 3-elhoxypropionate. propylene glycol monomethyl ether acetate, cyclohexanone. 2-heptanone 
and 3-heplanone are advantageously used as the solvent for preventing intermixing with the lower layer tarn in the 

present invention. . . . ^ ^- _*= • 

[0037] The solid content concentration of the radiation sensitive resin composition solution in the present invention is 
suitably selected according to application purpose, and is not particularly iirrtted but preferably 5 to 50 wl%. 
[0038] The radiation sensitive resin conposition in the present invention is advantageously prepared by dissolving the 
alkali-soluble resin, the radiation sensitive compound and the above-described additives as required in a solvent so that 
the solid content should be 10 to 50 wt%, and filtering the resulting sdutkm with a filter having a pore diameter of ca. 
0.2 iim. 

[0039] This corrposition is coated on the tower layer film (B) which will be detailed hereinafter by spin coaling, flow 
coating or roll coating, exposed to radiation, preferably ultraviolet radiation, far ultraviolet radiation or electron beam, for 
forming a predetermined pattern and developed v«th a devek)per to form a pattern. 

[0040] As the developer for the conposition is used an alkaline aqueous solution prepared by dissolving an alkaline 
conpound such as sodium hydroxide, potassium hydroxide, sodium carbonate, sodium silicate, sodium metasilicate, 
ammonia water, ethylamine. n-propylamine, diethylamine. di-n-propylamine. triethylamine, methyWiethylamine. dimeth- 
ylelhanolamine triethanolamine. tetramethylammonium hydroxide, tetraethylammonium hydroxide, choline, pyrrole, 
piperkfine 1.8<liasabicyclo-(5.4.0)-7-undecene. 1.5-diazabk;yclo-(4.3.0)-5-nonene and the like into water to have a 
concentration of 0.1 to 10 wt%. The developer nnay contain a water-soluble organk; solvent such as an ateohol exem- 
plified by methanol and ethanol and a surfactant in suitable anrxjunts. When the composition is developed with this alka- 
line aqueous solutkxi developer, the composition is preferably rinsed with water after development. | 

Thermosetttn q rtf^n composition 

[0041 ] The thermosetting resin conposition preferably conprises an alkali-soli*)le thermosetting resin, adheston aux- 
iliary, solvent and otiier additives as required. ^ ... ^ 
[0042] The thermosetting resin used in the present invention is a copolymer of (b-1) an unsaturated carboxylic acid. 
(b-2) an epoxy group-containing radical pdymerizable compound and (b-3) other radical polymerizable conpound 
copoIymerizaWe with the components (b-1) and (b-2) as required. 

[0043] The unsaturated carboxylk: add (b-1) is preferably an unsaturated carboxylic acid having an ettiylenically 

unsaturated doulDle bond. 

[0044] Illustrative examples of ttie unsaturated cartxjxylk: add (b-1) indude monocartxwylic aads such as melhacrylic 
acid acrylic add. crotonic add, o-vinylbenzoic add. m-vinylbenzoic acid and p-vinylbenzoic add; and dicarboxylic adds 
such as maleic add. fumaric acid, dtraconic acid, mesaconfc acki, itaconic add. 1 .4-cydohexenedicarboxylk: acid. 3- 
vinylphthalic add, 4-vinylpWhalic add. methyl-5-norbornene-2.3^icarboxylic add. 3,4.5.6-tetrahydrophthalk: add. 
1 .2,3,6-tetrahydrophthalk: acW and dimettiyltetrahydrophthalk; add. 
[0045] Of these, melhacrylic add. acrylic ackJ and itaconic add are prefen-ed. 

[0046] In the present invention, a carboxylic anhydrkJe. or a partly esterified product or partiy amkJated product of an 
unsaturated carboxylic acki in which part of a cartjoxylic acid group renrains free, such as a half ester or half amide of 
an unsaturated dicarboxylic add. may be also used as the unsaturated cartx>xylic add (b-1). 

[0047] The half ester or half amWe of an unsaturated carboxylk: add is. for exanple. preferably monomethyl itaconate 
or nx)nobutyl itaconate. 
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[0048] These unsaturated cart>oxylic acids may be used alone or in conrHsination of tvw> or more. 
[0049] Illustrative examples of the epoxy group-containing radical polymerizatrfe compound (b-2) include methaaylic 
esters such as glyckJyl (meth)acrylate. a-ethytglycidyl (meth)acrylate. a-n-propylglyddyl (meth)acrylate. a-n-butylglyd- 
dyl {meth)acrylate, 2-methylglycidyl (meth)acryiate, 2-ethylglyddyi (meth)acrylate. 2-propylglycidyl (meth)acrylate. 3.4- 
epoxybutyl (meth)acrylate. 3.4-epaxyheptyl (meth)acrylate and a-ethyl-6,7-epaxyheptyl (meth)acrylate: and styrenes 
such as o-vinylbenzyl glycidyl ether, m-vinylbenzyl glyckJyl ether, p-vinylbenzyl glycidyl ether, a-methyl-o-vinylbenzyl 
glycidyl ether, a-methyl-m-vinylbenzyl glycidyl ether, a-methyl-p-vinylbenzyl glycidyl ether. 2,3^iglycidylaxymethyl sty- 
rene 2 4<liglyddylQxymethyl styrene, 2.Sdiglycidyloxymethyl styrene. 2,6-diglyddylaxymethyl slyrene, 2,3,4-triglycidy- 
iQxymethyl styrene. 2.3.5-triglycidyloxymethyl styrene. 2.3.6-triglycidyloxymethyl styrene. 3,4,5-triglycidyloxymethyl 
styrene and 2.4.6-triglycidyloxyme1hyl styrene. . . . ^ . a 

[0050] Of these, glycidyl (meth)acrylate. 2-methylglycidyl (meth)acrylate. o-vinylbenzyl glycidyl ether, m-vinylbenzyi 
glyddyl ether and p-vinylbenzyl glycidyl ether are preferred. 

[0051 1 These conpounds (l>-2) may be used alone or in combination of two or more. 

[0052] Illustrative examples of the other radical polymerizaWe compound (b-3) used in the present invention include 
(meth)acryloyl group-containing r^ical polymerizaWe corrpounds such as methyl (meth)acrylate, ethyl (me1h)acrylate, 
n-propyl (meth)acrylate. i-propyl (meth)acrylate. n-butyl (meth)acrylate. sec-butyl (meth)acrylate, tert-butyl (meth)acr- 
ylate 2-ethylhexyl (meth)acryiate. lauryl (meth)acrylate. dodecyl (meth)acrylate. dicydopentanyl (meth)acrylate. iso- 
bomyl (meth)acryiate. cydohexyl (meth)acrylate. 2-methyicyclohexyl (meth)acrylate. dicydohexyl (meth)acrylate. 
adamantyl (meth)acrylate. allyl (meth)acrylate. propargyl (meth)acrylate. phenyl (meth)acrylate. naphthyl (meth)acr- 
ylate anthracenyl (melh)acrylate, cydopentyl (meth)acrylate. furyl (meth)acrytate, tetrahydrofuryl (meth)acrylate. pyra- 
nyl (meth)acrylate. benzyl (meth)acrylate. phenethyl (meth)acrylate. cresyl (meth)acrylate. 1,1.1-trifluoroelhyl 
(meth)acrylate. perfluoroethyl (meth)acrylate. perfluoro-n-propyl (meth)acrylate, peifluoro-i-propyl (meth)acrylate, 
triphenylmethyi (melh)acrylate. cumyl (meth)acrylate. 2-hydroxyethy! {meth)acrylate. 2-hydraxypropyl (melh)acrylate. 
amide (meth)acrylate N.N^limethylamide (meth)acrylate, N.N^Jipropylamide (meth)acrylate. anilide (meth)acrylate 
and (meth)acrylonitrile; vinyl group-containing radical polymerizal>le compounds such as acrolein, vinyl chloride, vinyli- 
dene chloride, N-vinylpyrrolidone. vinyl acetate, styrene. a-methylstyrene, o-methyistyrene, m-methylstyrene. p-meth- 
ylstyrene. p-rnethoxystyrene, p-methoxymethylstyrene. p-tert-butoxystyrene. chloromethylstyrene. butadiene. 2.3- 
dimethyltxjtadiene and isoprene; unsaturated dicartxsxylic diesters such as diethyl maleate. diethyl fumarate and diethyl 
itaconate;andtherike. . ^ ^ 

[00531 Of these, styrene. a-methylstyrene. p-tert-butoxystyrene, dicydopentanyl methacrylate, methyl methacrylate. 
tert-butyl (meth)acrylate. 2-hydroxyethyl methacrylate, benzyl methacrylate. butadiene and isoprene are preferred. By 
using the compounds as a copolymerizaWe component, the alkali solubility, glass transition temperature and dielectric 
constant of the pc^ymer can be controlled with the resuH that resolution, resin residue rate and other properties required 
for a resist and transparency, heat resistance and other properties required for a permanent film can be improved. 
[0054] These conpounds (b-3) may be used alone or in combination of two or more. 

[0055] The thennosetting resin used in the present invention is obtained by copolymerizing the above compounds. 
The copolymer contains the unsaturated carboxylic add (b-1) in an amount of preferably 5 to 50 wt%. particularty pref- 
erably 10 to 40 wt%. the epoxy group-containing radical polymerizaWe compound (b-2) in an amount of preferably 5 to 
90 wt%. particularly preferably 30 to 70 wt%, and the polymerizaWe unit of the other radical polymerizable compound 
(b-3) in an amount of preferaWy 70 wt% or less, particularly preferably 20 to 60 wt%. 

[0056] When the content of the unsaturated carboxylic add (b-1 ) is smaller than 5 wt%. the sWuWlity in an alkali aque- 
ous solution developer of the obtained coated film lowers with the result that developability and sensitivity may deterio- 
rate. When the content is larger than 50 wt%, the solubility in the alkali aqueous solution of the obtained coated film 
becomes too high with the result that the resin residue rate of the obtained resist pattern may deteriorate. When the 
content of the epoxy groupKX>ntaining compound (b-2) Is smaller than 5 wt%. the crosslinking density of the obtained 
coated film becomes insufficient wrth the result that heat resistance and chemical resistance may lower. When the con- 
tent is larger than 90 wt%. the soluWIity In an alkali aqueous solution of the obtained coated film kswers with the result 
that developability and sensitivity may deteriorate. Further, when the content of the other radical polymerizaWe com- 
pound (b-3) is larger than 70 wt%. the balance of the solubility in an alkali aqueous solution developer off the obtained 
polymer deteriorates with the result that patterning may become difficult 

[0057] The weight average molecular weight (to be referred to as "Mw" hereinafter) in terms of polystyrene of the ther- 
mosetting resin used in the present invention is generally 2 x 1 0^ to 1 x 1 0^. preferably 5 x 1 0^ to 5 x 1 0^. When the Mw 
is less than 2 x 10^. the obtained coated film may experience deterk)ration in developability and resin residue rate and 
may be inferior in pattern shape and heat resistance. When the Mw is more than 1x10*. the obtained coated film may 
have a reduction in sensitivity or may t^e inferior in pattern shape. 

[0058] The thermosetting resin used in the present invention is otrtained by copolymerizing the unsaturated carboxyfic 
add (b-1), the epoxy group^ntaining compound (b-2) and other radical polymerizaWe compound (b-3) as required in 
accordance with various polymerization methods. Generally, a method in which these compounds are copWymerized 
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in a solvent in the presence of a catalyst (polymerization initiator) is preferred. 

[0059] Illustrative exarrples of the solverrt used for copolymerization include alcohols such as methanol, ethand, pro- 
panol and butanol; cyclic ethers tetrahydrofuran arxi dioxane; cellosolve esters such as methyl cellosolve acetate and 
elhy* cellosofve acetate; glycol ethers such as ethylene glycol monomethyl ether, ethylene glycol nrwnoethyl ether, 
diethytene glycol monometfyl ether, diethylene glycol monoethyl ether, dietf^lene glycol dimethyl ether, diethylene gly- 
col etfiyl methyl ether and propylene glycol nfx>nomethyi ether; prof^lene glycol alkylether acetates such as propylene 
glycol methyl ethyl acetate, propylene glycol ethyl ether acetate and propylene glycol propyl ether acetate: aromatic 
hydrocartx>ns such as benzene, toluene and xylene; ketones such as methyl ethyl ketone, cydohexanone. 2-heptanone 
and 4-hydroxy-4-methyl-2-pentanone; esters such as ethyl 2-hydroxypropionate, ethyl 2-hydroxy-2-methyIpropionate. 
ethyl 2-hydroxy-2-methylpropionate, ethyl ethoxyacetate. ethyl hydroxyacetate, methyl 2-hydrQxy-3-methylbulyrate, 
methyl 3-methoxypropionate. ethyl 3-methoxypropionate. ethyl 3-ethoxypropionate. methyl 3-ethoxypropk>nate. ethyl 
acetate and butyl acetate; and polar solvents such as dimethyl fbrmamide and N-methyl-2-pyrrolidone. 
[0060] The soh/enl is generally used in an amount of 20 to 1 ,000 parts by weight based on 100 parts tiy weight of the 
total of the pdymerizable compounds [(b-1), (b-2) and (b-3)]. 

[0061 ] Catalysts which are generally known as a radical polymerization initiator may be used as the catalyst. The cat- 
alysts include azo conpounds such as 2.2'-azobisisobutyronitrile. 2,2'-azobis(2.4<iimethylvaleronrtrile) and 2,2*-azo- 
bis(4-methoxy-2,4-<limethylvaleronitrile); organic peroxides and hydrogen peroxides such as benzoyl peroxide, lauroyi 
peroxide, t-butyl peroxypivalate and 1 .1 '-bis(t-butylperQxy)cyclohexane; and the like. When a peroxide is used as a rad- 
ical polymerization initiator, it may be used in conjunction with a reducing agent as a redox polymerization initiator. 
[0062] In the at>ove copolymerizatton. a molecular weight controlling agent such as an a-methylstyrene dimer may be 
further added. 

[0063] The above thermosetting resin has an cartKXxyl group derived from the unsaturated cartxxxyfic acid (b-1) and 
an epoxy group derived from the epoxy group-containing compound {b-2) and hence, alkali solul^ility and self-crosslink- 
ability. The thermosetting resin has appropriate solubility in an alkali aqueous solution and provides a thermosetting 
resin corrposition having high sensitivity, high resin residue rate and excellent developability. Further, a resist pattern 
obtained by using the thermosetting resin is excellent in such properties as heat resistance, adhesion to a sut)strate, 
transparency at a visible light range and chemical resistance. 

[0064] The thermosetting resin composition may contain an adhesion auxiliary to irrprove its adhesion to a substrate, 
mustrative examples of the adhesion auxiliary include vinyltrimethoxysilane, vinyttrielhoxysilane. vinyltris(2-methox- 
yethoxy)silane, N-{2-aminoethyl)3-aminopropylmethyl dinnethoxysilane. N-(2-aminoethyl)3-aminoprofvl trimethoxysi- 
lane. 3-aminopropyl triethoxysllane. 3-glycidoxypropyl trimethoxysilane, 3-glycidoxypropylmethyl dimethoxysilane. 2- 
(3,4-€poxycyclohexyl)ethyl trimethoxysilane. 3-chloropropylmethyl dimethoxysilane, 3-chloropropyl trimethoxysilane. 3- 
methaayloxypropyi trimethoxysilane. 3-mercaptopropyl trimethoxysilane and the like. Of these, 3-glycidoxypropyl tri- 
methoxysilane and 3-glycldoxypropylmethyl dimethoxysilane are preferred. 

[0065] T^e thermosetting resin compositk>n in the present invention comprises the alxjve copolymer and an organic 
solvent for dissolving this copolymer. ! 
[0066] The organic solvent may be or may not be the organic solvent (solubilizing medium) used to produce the 
atx>ve-described copolymer. Illustrative examples of the organic solvent include hydraxycartx)xylic esters suph as 
methyl hydroxyacetate. ethyl hydroxyacetate, propyl hydroxyacetate. butyl hydroxyacetate, methyl lactate, ethyl lactate, 
propyl lactate, butyl lactate, methyl 3-hydroxypropionate. ethyl 3-hydroxypropionate, propyl 3-hydroxypropionate and 
txjtyl 3-hydroxypropionate; alkoxycartxjxylic esters such as methyl methoxyacetate. ethyl methoxyacetate. propyl meth- 
oxyacetate, butyl methoxyacetate. methyl ethoxyacetate. ethyl ethoxyacetate. propyl ethoxyacetate. butyl ethoxyace- 
tate. methyl propoxyacetate. ethyl propoxyacetate. propyl propoxyacetate. butyl propoxyacetate, methyl txrtoxyacetate. 
ethyl butoxyacetate, propyl butoxyacetate, butyl butoxyacetate, methyl 2-methoxypropionate. ethyl 2-methoxypropion- 
ate, propyl 2-methoxypropionate. butyl 2-methoxypropionate. methyl 2-ethoxypropionale. ethyl 2-ethoxypropionate. 
propyl 2-ethoxypropionate, butyl 2-ethaxypropionate, methyl 2-propoxypropionate. ethyl 2-propoxypropionate. propyl 2- 
propoxypropionate, butyl 2-propoxypropionate, methyl 2-butaxypropk>nate. ethyl 2-butoxypropionate, propyl 2-buloxy- 
propionate. Ixityl 2-butoxypropionate. methyl 3-methoxypropionate. ethyl 3-methoxypropionate, propyl 3-methoxypropi- 
onate. IxJtyl 3-methoxypropionate, methyl 3-ethoxypropionate. ethyl 3-ethoxypropionate, propyl 3-ethoxypropionate. 
butyl 3-ethoxypropionate. methyl 3-propoxypropionate. ethyl 3-propoxypropionate. propyl 3-propoxypropionate. txrtyl 3- 
propoxypropionale. methyl 3-butoxypropionate. ethyl 3-lxjtoxypropionate. propyl 3-butoxypropionate and butyl 3-butox- 
ypropk>nate; propylene glycol (mono)alkyl ethers such as propylene glycol (nrx>no)methyl ether, propylene glycol ethyl 
ether, propylene glycol propyl ether and propylene glycol butyl ether; aliphatic monoketones such as 2-heplanone, 3- 
heptanone. 4-heptanone. methyl-n-hexyl ketone, pro^^ene glycol (mono)di-n-butylketone. di-n-pentylketone and diac- 
etone alcohol: and alicyclic monoketones such as 2-methyteyclohexanone, 3-methylcydohexanone. 4-methylcyck>hex- 
anone, 2-ethylcyclohexanone. 4-ethylcyck)hexanone, 2-t-butylcyclohexanone, cycloheptarme, cyclooctanone, 
cyclononanone and cycloundecanone. 

[0067] These organic solvents may be used alone or in combination of two or more. 
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[0068] Of these, organic solvents having excellent solubility for thernfK)setting resins are preferred, as exennprified by 
methyl lactate, ethy' lactate, methyl 3-methoxypropionate. ethyl 3-ethoxypropionate. propylene glycol monomethyl 
ether, propylerie glycol monomethyl ether acetate, cyclohexanone. 2-heptanone, 3-heptanone. 4-heptanone, methyl-n- 
hexyl ketone and diacetone alcohol. Of these, 2-heptanone. 3-heptarx)ne. 4-heplanone and methyl-n4iexylketone are 
particularly preferred. 

[0069] The thermosetting resin composition in the present invention is prepared as a solution of the thermosetting 
resin in the above solvent. The concentration of the copolymer (solid content) in the solution is suitably selected accord- 
ing to application purpose, and is not particularly limited but preferat)ly about 5 to 50 wl%. 

[0070] The thermosetting resin composition may contain a compourxl which has at least two epoxy groips in the nx)l- 
ecule and no radical polymerizability to further improve its heat resistance and adhesion to a substrate. Illustrative 
examples of such a compound include bisphend A epoxy resins such as Epicote 1001 . 1002. 1003. 1004, 1007. 1009, 
1010 and 828 (trade names, manufactured by Yuka Shell Epoxy Co.. Ltd.); bisphenol F epc»cy resins sucfi as Epicote 
807 (trade name, manufactured by VUka Shell Epoxy Co.. Ltd.); phenol novolak epoxy resins such as Epicote 152 and 
154 (trade names manufactured by Yuka Shell Epoxy Co.. Ltd.), and EPPN 201 and 202 (trade names, manufactured 
by Nippon Kayakii Co.. Ltd.); cresd novolak epoxy resins such as EOCN102, 103. 104S, 1020. 1025 and 1027 (trade 
names, manufactured by Nippon Kayaku Co.. Ltd.). and Epicote 180S75 (trade name, manufactured by YUka Shell 
Epoxy Co Lid )• polyphenol epoxy resins such as Epicote 1 032H60 and XY4000 (trade names, manufactured by YUka- 
Shell Epcwy Co.,' Ltd.); cyclic aliphatic epoxy resins such as CY-1 75. 177 and 1 79 and ERL-4234. 4299. 4221 and 4206 
(trade names, rnanufactured by U.C.C. Co.. Ltd.). Showdine 509 (trade name, manufactured by Showa Denko K.K.). 
Epick>n 200 and 400 (trade names, manufactured by Dainippon Ink & Chemicals, bTC,), Epkxyte 871 and 872 (trade 
names, manufactured by Yuka-Shell Epoxy Co.. Ltd.). and EI>.5661 and 5662 (trade names, manufactured by Cella- 
nese Coating Co.. Ltd.); aliphatic polyglycidyl ethers such as Epolite 100MF (manufactured by Kyoeisha YUshi l^gaku 
Kogyo Co.. Ltd.) and Epiole JIAP (manufactured by NOP Corporation). 

[0071] The conpound is used as required in an amount of 50 parts or less by weight based on 100 parts by weight 
of the thermosetting resin. 

[0072] The thermosetting resin composition may further contain a surfactant to prevent striation and improve devel- 
opability. Illustrative exarrples of the sulactant include polyoxyethylene alky! ethers such as polyoxyethylene lauryl 
ether, polyoxyethylene stearyl ether and polyoxyethylene deyl ether; polyoxyethylene aryl ethers such as potyoxyetfiyl' 
ene octylphenyl ether and polyoxyethylene nonylphenyl ether; nonionic surfacfants such as polyoxyethylene dialkyi 
esters including polyoxyethylene dilaurate and polyoxyethylene cfistearate; polysiloxane-based surfactants such as 
DC11PA. SH28PA. ST94PA. ST103PA. SH190, SH192, SH194, SF2902L. SF2904, SF2908. SF2909. SRX280A. 
SRX294A and SRX298 (manufactured by Toray Dow Corning Silicone Co.. Ltd.); fluorine-based surfactants such as F 
Top EF301. 303 and 352 (manufactured by Shin Akita Kasei Co., Ltd.). M EGAFAC F-171, F-172 and F-173 (manufac- 
tured by Dainippon Ink & Chemicals, Inc.), Fluorad FC-430 and FC-431 (manufactured by Sumitomo 3M Umited), and 
Asahi Guard AG710. Surflon S-382. SC-101. SC-102. SC-103. SC-104. SC-105 and SC-106 (manufactured by Asahi 
Glass Ca. Ltd.); and (melh)acrylic add copolymer-based surfactants such as Organosiloxane Polymer KP341 (SWn- 
Etsu Chernfcal <io.. Ltd.) and Polyflow No. 57 and 95 (manufactured by Kyoeisha YUshi Kagaku Kogyo Co.. Ltd.). 
[0073] The surfactant is used as required in an amount of 5 wt% or less, preferakily 1 wl% or less based on the solid 
content of the thermosetting resin. 

[0074] The thermosetting resin may further contain an antistatic agent, storage stabilizer, defoaming agent, pigment, 
dye and the like as required. 

Fach step of the process of the present invention 

[0075] The process of the present invention is effected by can^ying out the fblkTwing steps in the follGMring ofder. 

(1) An alkali-soluble thermosetting resin composition is coated on a substrate, and t>aked. 

The thermosetting resin composition is preferably filtered before use. As means for filtering is a Milfipore filler 
having a pore diameter of 0.2 to 1 .0 \im. 

The thus prepared thermosetting resin composition is coated on the surface of a substrate l>y spraying, roll 
coating, rotation coating or the like. Thereafter, the coated siijstrate is pret>aked to remove the orgaruc solvent so 
as to form the coated film off the thernfx)setting resin composition on the substrate. 

The prebaking temperature is suitably determined according to the components and proportion of the thermo- 
setting resin conposition used and the type of the organic solvent. It is generally 50 to 200«C, preferably 70 to 
1 70*»C, more preferably 80 to 1 50*C. The prebaking time is generally 0.5 to 1 5 minutes. 

(2) A radiation sensitive resin composition is further coated on the coated flm, and baked. 

The radiation sensitive resin composition is preferably filtered before use. As nneans for filtering is a Millipore 
filter having a pore diameter of 0.2 to 1 .0 ^m. 
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A solution of the thus prepared radiation sensitive resin composition is coated on the substrate surface having 
the coated film of the thermosetting resin composition by spraying, roll coating, rotation coating or tiie lika There- 
after, the coated substrate is prebaked to remove the organic solvent so as to form the coated film of the radiation 
sen^e resin composition on the coated film of the thermosetting resin composition formed on the substi-ate. 

The prebaking temperature is suitat>ly determined according to the components and proportion of tiie radiation 
sensitive resin composition and the type off the organk; solvent. It is generally 50 to 200*C, preferably 70 to 1 70*C. 
more preferably 80 to IWC. The prebaking time is generally 0.5 to 15 minutes. 

(3) The radiatk>n sensitive resin composition is exposed to radiation ttirough a predetermined mask, and baked. 
The radiation sensitive resin composition on the sut)strate is exposed to radiation through a mask having a pre- 
determined pattern shape. The energy amount of the radiation, tiiat is, the type of the radiation is suitably deter- 
mined according to desired resolution and wavelength to which the radiation sensitive compound is sensitive. 
Generally speaking, ultraviolet radiation such as g-line (wavelength of 436 nm), h-line (405 nm) and i-line (365 nm). 
far ultraviolet radiation such as excimer laser beams (KrR ArF). X-rays such as synchrotron radiation, and charged 
particle radiation such as electron beams may be used. Of these, radiations of g-line and i-line are preferred. 

After irradiation of radiation. PEB (baking after exposure) is preferably carried out at room temperature to 
200°C before alkali development The PEB time is generally 0.1 to 10 minutes. 

(4) Development is carried out with an alkaline developer. 

When tiie upper layer radiation sensitive resin compositfon is positive, portions exposed to radiation become 
alkali-soluble and dissolve in the developer. When the radiation sensitive resin composition is negative, the 
exposed portions become alkafinnsoluble and unexposed portions dissolve in tiie alkaline devefoper. In either 
case, the tower layer thermosetting resin compositton at portions dissolved in the alkaline developer, of tiie upper 
layer radiation sensitive resin composition also dissolve in the alkaline developer. Thus, a pattern consisting off a 
layer off the radiatfon sensitive resin composition and a layer off the thermosetting resin composition is formed. 

The developer is an aqueous solutfon off an alkali such as sodium hydroxide, potassium hydroxkJe, sodium car- 
bonate, sodium silicate, sodium metasilicate, ammonia, ethylamine, n-propylamine. diethylamine, di-n-pro- 
pylamine. tri ethylamine, methyWiethylamine, N-methyl-2-pyrrolidone. dimethylethanolamlne. triettianolamine, 
tetramethylammonium hydroxide, tetraethylamnronium hydroxide, choline, pyrrole, piperidine. 1 .8-diazabicy- 
cloI5.4.0]-7-undecene or 1 ,5-diazabicycto[4.3.0]-5-nonene. The concentration off the alkali aqueous solution is gen- 
erally 0.1 to 10 wl%, preferably 0.2 to 4.0 wt%. more prefferably 0.5 to 3.0 wt%. 

An aqueous solutfon prepared by adding a water-soluble organfo solvent such as methanol or ethanol and a 
surfactant in suitable amounts to the above alkali aqueous solution may also be used as the developer. 

The development time is generally 1 0 to 240 seconds. The development may be eHher puddle development or 
dip development. After development, tiie substrate is washed with running water for 30 to 240 seconds and dried 
with compressed air or compressed nitrogen to remove water on tiie sul>slrate. and a film pattem is thus formed. 

Preferably, ttie substi^ate having a film pattern is then baked again at a temperature hi^er than the aforemen- 
tioned prebaking temperatures, for example, 80 to 250»C to promote tiie crossllnking of the tower layer tiiermoset- 
ting resin so as to thermally cure the resin. 1 

The alkali solubility off the radiation sensitive resin composition can be increased by exposure to radiation as 
required. This is advantageous when an alkali aqueous solution is used as a stripping solutfon. 

(5) Then, ttie substrate having a film pattern is immersed in a stripping solution. 

The upper layer radiation sensitive resin composition is removed by immersing the substrate in the stripping 
solution. Prefen^ed exarrples of the stripping solution include dimethyl suHbxfoe. etiiylene glycol monomethyl ether, 
etiiylene glycol monoethyl ether, ettiylene glycol monomethyl ether acetate, ettiylene glycol monoethyi ether ace- 
tate, diethylene glycol monomettiyl ettier, diettiylene glycol monoetiiyl ettier, diettiylene glycol nrx>nobutyl ettier. pro- 
pylene glycol monomethyl ether acetate, propylene glycol monopropyl ettier acetate, ti^ipropylene glycol diethyl 
ettier. triprop/lene glycol dimettiyl ether, methyl ettiyl ketone. 2-heptanonei 3-heptanone. 4-heptanone. cyclohex- 
anone. ettiyl 2-hydroxypropionate. ethyl 2-hydroxy-2-mettiylpropionate, ettiyl ettioxyacetate. ethyl hydroxyacetate, 
methyl 2-hydroxy-3-methylbulyrate, methyl 3-mettioxypropionate, ettiyl 3-ettioxypropfonate. ettiyl 3-mettiO)Q^opi- 
onate. ettiyl acetate, txityl acetate, mettiyl pyruviate. ethyl pyruviate. phenol and the like. Further, a high-boiling sol- 
vent such as dimettiyi sulfaxWe. benzyl ettiyl ettier. dihexyl ether, acetonylacetone, isophorone. caproic ackl, 
caprylic add. 1-octanol. 1-nonanol. benzyl alcohol, benzyl acetate, ettiyl benzoate. diettiyl oxalate, diettiyl maleate. 
a-butyrolactone, perchloroethylene. ettiylene cartxjnate. propylene cartx>nate or ettiylene glycol monophenyl ether 
acetate may be added. These solvents may be used atone or in combination of two or more. The polarity and the 
like off ttie stripping solution may be adjusted by adding an aromatic hydrocart>on such as tetralin. toluene or xylene. 
alkylbenzenesuHonic add such as p-toluenesulffbnto acid or dodecylbenzenesuHbnto acfo or water to ttiese. 

The stripping solution may l>e an aqueous solutfon of an alkali such as sodium hydroxide, potassium hydroxide, 
sodium carbonate, sodium silicate, sodium metasilicate. ammonia, ettiylamine. n-propylamine. diettiylamine. di-n- 
propylamine. triettiylamine. methyWiethylamine. N-methyi-2-pyrrolidone. dimettiylethanolannine. triettianolamine. 
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telramelhylammonium hydroxide, tetraethylammonium hydroxide, choline, pyrrole, piperldine. 1 .S-diazabicydo- 
(5 4 0)-7-undecene, 1,5<liazabicyclo-(4,3.0)-5-nonene and the like. When an alkali aqueous solution is used, the 
upper layer radiation sensitive resin composition is preferably positive. In this case, the radiation sensitive resin 
composition is exposed to radiation to enhance the alkali solubility of the upper layer. 
5 The substrate is immersed in the above stripping solution at 0 to 120*»C for 10 to 1 ,000 seconds to dissolve the 

upper layer portion in the developer and remove it from the tower layer. 

(6) nnally, the alkali-soluWe thermosetting resin remaining on the sUbstrate is heated to obtain a cured film pattern. 

[00761 That is. the lower layer film obtained in the step (5) is heated with a heating device such as a hot plate or oven 
70 at a predetermined temperature, for exanrple, 1 00 to 300*»C for a predetermined time to obtain a interl^er film pattern. 
[00771 When the dielectric constant of the thus obtained cured f flm is measured at a frequency of 1 MHz, rt is 3.5 or 
less preferably 3.2 or less. The cured fflm has excellent physical properties such as high resolution, Insulating proper- 
ties flatness, heat resistance and transparency. Therefore, it is useful as a protective film, flattening film and interlayer 
insulating film for electronic parts, particularly an interlayer insulating film for liquid crystal display elements, integrated 
75 circuit elements and solid image pick-if) elements. 

[00781 The fblkM^ng examples are given to further illustrate the present invention. 

s 

Synthesis Exa mple 1 fsvnthesis of resin a-1) 

20 [0079] After 57 g (0.6 mol) of nvcresol, 38 g (0.4 mol) of p-cresd, 75.5 g (0.93 mol of formaldehyde) of a 37 wt% aque- 
ous solution of formaldehyde. 0.63 g (0.005 mol) of oxalic ackJ dihydrate and 264 g of methyl isobutyl ketone were 
charged into a flask equipped with a condenser tube, stirrer and thermometer, the flask was immersed in an oU bath to 
carry out polycorxJensation for 4 hours under stirring while the reaction solution was ref luxed. Thereafter, the tempera- 
ture of the oil t«th was raised over 3 hours, the pressure in the flask was reduced to 30 to 50 mHg to remove a volatile 

25 content and the molten resin a was cooled to room tenrperature and collected. This resin was dissolved in ethyl acetate 
to ensure that the resin content should be 30 %, and methanol and water were added in amounts 1 .3 times and 0.9 time 
the weight of the solutfon, respectively, stirred and left to stand. An under layer of the solution which was separated into 
two layers was taken out. condensed and dried to collect the resin a. This resin (Mw of 8.000) was taken as resin a-1 . 

30 S ynthesis Exa mple 2 fsvnthesis of resin a-2) 

[0080] Resin a-2 (Mw of 6.000) was synthesized in the same manner as in Synthesis Example 1 except that 76 g (0.8 
mol) of m-cresol, 13.9 g (0.12 moQ of 2,3-xylenol. 9.3 g (0.08 mol) of 3.4-xylenol. 78 g (0.96 mol of formakJehyde) of a 
37 wt% aqueous solution of formakJehyde, 0.63 g (0.005 mol) of oxalic add dihydrate and 264 g of methyl isobutyl 
35 ketone were used. 

Synthesis Examble 3 fsvnthesis of resin a-3) 

[0081 ] 1 76 Grams (0.1 mol) of t-butoxystyrene and 5.8 g (0.04 mol) of azobisbutyronitrile were dissolved in 250 ml off 
40 propylene glycol monomethyl ether and polymerized at 75*'C for 4 hours. The thus obtained poly-t-butoxystyrene solu- 
tion was mixed with 50 g of a 5 wt% aqueous solution of sulfuric add and heated at 10a»C for 3 hours to cany out 
hydrolysis. The obtained product was washed with 1 .000 ml of deionised water three times and mixed with 500 ml of 2- 
heptanone to substitute the solvent. Polyhydroxystyrene having an Mw of 24.000 was obtained at an yield of 95 %. This 
resin was taken as resin a-3. 

45 

Synthesis Exp nnplfl 4 (synthesis of PAC-1) 

[0082] 4.28 Grams (0.01 mol) of the following compound (a) was dissolved in 30 g of tetrahydrofuran and 2.8 g (0.028 
mol) of triethylamine was added. 7.1 1 Grams (0.025 nwl) of 1 .2-naphthoquinonediazkle-5-sulfonyl chloride was added 
so over 30 minutes while the resulting solution was cooled to 0 to 5**C. After 5 hours, the predpitated triethylamine hydro- 
chlorkle was filtered, re-predpitated in 2.000 ml of a 0.2 wl% aqueous sdutton of hydrochloric add diluted with deion- 
ized water, filtered, washed with water 3 times and vacuum dried at 40»C to obtain 9.2 g of a condensation compound. 
This compound was taken as PAC-1 . 

55 Synthesis Examnlft 5 (synthesis pf PAC-2) 

[0083] 6 Grams of a condensation compound was obtained in the same manner as descril^ed above except that 3.68 
g (0.01 mol) of the following compound (b) in place of the compound (a). 1 .67 g (0.0165 md) of triethylamine and 4.3 g 
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(0.015 mol) of 1.2-naphthoquinonediazide-5-sulfonyl chloride were used. This compound was taken as PAC-2. 



5 




H3C — C — CH3 (a) 



10 




OH 



HjC CH3H3C CH3 



Pr^r^ tfA" F^ample 1 fpreparation of radiation sensitive resin COnTPOSitiQn [A-1D 

30 [0084] 100 Parts by weight off the resin a-1 obtained in Synthesis Example 1 . 30 parts by weight of PAC-1 obtained 
in Synthesis Example 3. 530 parts by weight of propylene glycol monomethyl ether acetate as a solvent and 0.01 g off 
M EGAFAC F-1 73 (manufactured by Dainippon Ink & Chemicals, Inc.) as a surfactant were added, mixed and dissolved, 
and the resulting solution was filtered with a Millipore fitter having a pore diameter of 0.50 jim to prepare a radiation sen- 
sitive resin composition [A-11 for an upper layer. 

3S 

Preparation Ex am ples 2 to 7 (preparation of radiation sensitive resin ppmpogitions f A-21 to f A-7|) ! 

1 

[0085] Radiation sensitive resin compositions were prepared in the same manner as in Preparation Example 1 except 
that components shown in Table 1 and 0.01 g off M EGAFAC F-173 (manulaclured by Dainippon lnk& Chemicals, Inc.) 
40 as a surfactant were used. 



Tablet 



55 



composition 


resin 


radiation sensitive com- 
pound 


dissolution promoting 
agent 




solvent 




kind 


parts by 
weight 


kind 


parts by 
weight 


kind 


parts by 
weigfit 


kind 


parts by 
weight 


A-1 


a-1 


100 


PAC-1 


30 






c-1 


530 


A-2 


a-1 


100 


PAC-2 


35 






c-2 


300 
















c-3 


200 


A-3 


a-2 


100 


PAC-1 


26 






c-3 


100 
















c-4 


400 


A-4 


a-3 


100 


PAC-1 


26 






c-3 


100 
















c-4 


400 
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Table 1 (continued) 



composition 


resin 


radiation sensKive com- 
pound 


dissoiution promoting 
agent 




solvent 




kind 


p>arts by 
weight 


kind 


parts by 
weight 


kind 


parts by 
weight 


kind 


parts by 
weight 


A-5 


a-4 


100 


PAC-2 


40 


compound 
(a) 


15 


c-4 


500 


A-6 


a-5 


100 


PAC-1 


30 


compound 


12 


c-4 


400 












(b) 




c-5 


100 


A-7 


a-6 


100 


PAC-2 


26 






c-6 


500 



,5 Conpounds in Table 1 are as follows, 
(resin) 
10086] 

^ 3-4: polyhydroxystyrene/hydrogenated polyhydroxystyrene (90/10) copolymer (PHM-C of Maruzen Petrochentical 
Co., Ltd.. having an Mw of 9.000) 

a-5: vinylphenol/methyl methacrylate (50/50) copolymer (MARUK/UYNCUR CMM off Maruzen Petrochemical Ca, 
Ltd., having an Mw of 10,000) ^ . 

25 a-6: vinytphenol/styrene (50/50) copolymer (MARUKALYNCUR CST50 of Maruzen Petrochemical Co., Ltd., having 
an Mw of 4,000) 

. < solvent) 

30 [0087] 

c-1 : propylene glycol monomelhyl ether acetate 
c-2: metfvl 3-methoxypropionate 
c-3: ethyl 3-ethoxypropionate 
35 c-4: 2-heptanone 
c-5: butyl acetate 
c-6: cydohexarwne 

Preparation Example 8 

40 

[0088] 10 Grams of a copolymer comprising (b-1), (b-2) and (b-3) components shown in Table 2. 0.05 g off 3-^lycidox- 
ypropyl trimethoxysilane as an adhesion auxiliary and 0.005 g of M EGAFAC F-172 (manufactured by Dainqppon Ink & 
Chemicals Inc.) as a surfactant were mixed together, and the resulting mixture was dissolved in diethylene glycol ethyl 
methyl ether to ensure that a solid content shouW be 30 wt%. and the obtained solution was filtered with a Millipore filler 
45 having a pore diameter off 0.22 |im to prepare a themxjsetting resin composition [B-1] to [B-S] for a lower layer. 



Table 2 







B-1 


B-2 


B-3 


B-4 


B-5 


(b-1) 


methacrylic acid 


22 


20 


21 






acryiic acid 








27 


17 


(b-2) 


glyckJyl methacryfate 


38 


55 


34 


33 


60 


p-vinylk>enzyl glycidyl ether 




25 


35 
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Table 2 (continued) 







B-1 


B-2 


B-3 


B-4 


B-5 


(b-3) 


txjtadiene 








10 




styrene 


15 




10 




23 


t-butyl methacrylate 


5 










dicvclo^entanvl methacrvlate 


20 






30 




polymerization initiator 


2^'-azabis(2.4-dime1tiytvaleroni- 
trile) 


4 


7 


10 






2 ,2'-azobisteobuty ronitrile 








5 


4 


solvent 


diethylene glycol methyl ethyl 
ether 


200 


200 


200 


200 


200 


polymerization temperature 


70 


75 


70 


70 


70 


polymerization time 


5 


5 


3 


5 


6 


concentration of copolymer in polymer solution (%) 


33.0 


33.3 


33.1 


33.2 


33.5 


Mw( X 10*) 


4.53 


1.70 


0.80 


1.42 


4.32 



Example 1 

(1) Coating 

[0089] The solution of the thermosetting resin composition [B-1] obtained in Preparation Example 8 was coated on a 
silicon substrate using a spinner and prebaked on a hot plate heated at 90*»C for 60 seconds to form a 3.0 ^im thick 
coated film. Thereafter, the solution of the radiation sensitive resin composition [A-1] was coated on the coated film of 
the thermosetting resin composition on the silicon substrate using a spinner and prebaked on a hot plate heated at 
90»C for 60 seconds to form a 1 .5 pm thick coated film. 

(2) Patterning 

[0090] A mask having a predetermined pattern was placed on the silicon substrate having the alxjve two layers of 
coated f Bms, and the substrate was exposed to ultraviolet radiation having a wavelength of 365 nm and a light intensity 
of 10 mW/cTTi^ to ensure that the amount of energy should be 50 mJ/cm^ in the air. Thereafter, development was canried 
out using a 2.38 wl% (0.26 N) aqueous solutkxi of tetramelhylammonium hydroxide at 23*C for 50 seconds to f«ttern 
the upper layer and the lower layer en Woe into a positive pattern. The substrate was then rinsed with ultra-purified 
water for 60 seconds. Thereafter, the substrate was further heated at 80**C for 10 minutes. 

(3) Removal of upper l^er radiation sensitive film 

[0091] The patterned films were immersed in a mixed solvent of 70 parts by weight of butyl acetate and 30 parts by 
weight of 2-heplanone at 23*»C for 50 seconds to remove the upper layer fflm. Thereafter, the sii>strate was rinsed with 
uftra-purified water for 60 seconds. 

(4) Formatkxi of cured film 

[0092] The obtained positive pattern was heated at 250*»C for 1 hour to obtain a cured film. 

[0093] The obtained cured film was used for the evaluation of transparency, flatness, heat resistance, resolution and 
dielectrk: constant using the following evaluation conditions. The results are shown in Table 3. 

Fxam ples 2 to 10 

[0094] The steps (1 ) and (2) of Example 1 were carried out using radiation sensitive resin compositfons and thermo- 
setting resin compositions shown in Table 3 below. The baking conditions after development in the step (2) are shown 
in Table 3. Thereafter, cured films were obtained by carrying out the step (3) of Example 1 using stripping solutions 
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shown in Table 3 and then, the step (4) of Example 1 . 

[0095] The obtained cured films were used for the evaluation of transparency, flatness, heat resistance, resolution and 
dielectric constant using the following evaluation conditions. The results are shown in Table 3. 

5 nom parativp Fxamples 1 and 2 

100961 The steps (1) (3). (4) and (6) were carried out on a single layer by adding 28 parts by weight of the radiation 
sensitive confound PAC-1 obtained in Synthesis Example 3 to [B-1] in Comparative Example 1 and 37 parts by weight 
of PAC-2 obtained in Synthesis Example 4 to [B-3] in Comparative Example 2. 
10 [0097] The obtained cured films were used for the evaluation of transparency, flatness, heat resistance, resolution and 
dielectric constant using the following evaluation conditions. The results are shown in Table 3. 

[Evaluation of resolution] 

IS [00981 The minimum size of the resolved space pattern of each of the thin films formed as described above was meas- 
ured with a scanning electron microscGpe. 

[Measurenf>ent of dielectric constant] 

20 [0099] The dielectric constant off each of the thermally cured films obtained as described above was measured wlh 
a dielectric constant measuring instrument (of Hewlett Packard Co. Ltd.) at room temperature at 1 MHz. 

[Evaluation of heat resistance] 

2S [0100] After the thickness of each of the cured films was measured, the silfeon substrate having the cured fflm formed 
thereon was further heated in an oven at 250-C for 30 minutes. The thickness of the cured fflm heat-treated was meas- 
ured to obtain the resin residue rate of the cured f Hm. ^ 
[0101] Heat resistance was evaluated as good (Q) when the resin residue rate by heating is more than 95 %, as 
moderate (a) when the resin residue rate is 90 to 95 % and as bad (X) when the resin residue rate is less than 90 %. 

30 

[Evaluatk>n of flatness] 

[01 02] A cured f Bm was formed on a silicon oxkJe film substrate by the same steps as the above steps (1) to (3) except 
that the silicon oxide film substrate having a surface roughness off 1 .0 pm was used in place of the silkx>n substrata 
3S [0103] The level difference of the cured fflm was measured using a contact type film thickness nneasunng instrument. 
Flatness is evaluated as good ( O) when the maximum level difference is less than 5 % and as bad (X) when the max- 
imum level difference is 5 % or more. 



40 



45 



[Evaluation off transparency] 

[0104] A cured film was formed on a glass substrate \yy the same steps as the above steps (1) to (3) except that the 
glass substrate [trade name: Coming 7059 (manufactured by Corning Co., Ltd.)] was used in ptece of the silicon sul>- 
strate and the transparency was measured using the TG1800 Color Analyzer off Tokyo Denshoku Ca. Ltd. 



50 
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[0105] According to the present invention, a thermosetting resin composition which is generally inappropriate for pat- 
terning having high-sensftivity and highHresolirtion is obtained, and a cured film obtained by curing the thermosetting 
resin composition has a low dielectric constant and is excellent in such physical properties as flatness, heat resistance, 
transparency and insulating properties. Particularly, the heat resistance of the cured f ilm is such that light transmrttance 
is extremely high after heating at 250"C for 30 minutes. 

[01 06] Therefore, the cured film is useful as a protective film, flattening film and interlayer insulating film for electronic 
parts, particularly an interlayer insulating film for liquid crystal display elements, integrated circuit elements and solid 
image pick-up elements. 
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[01 07] A process for forming a cured film comprising the steps of: coating an alkali-soluWe thermosetting resin com- 
position on a substrate, and baking it; coating a radiation sensitive resin composition on the coated film, and baking it; 
exposing the radiation sensitive resin composition on the SLl>strate to radiation through a predetermined mask and tak- 
ing it- carrying out development with an alkaline developer; immersing the substrate carrying the coated films in a strip- 
ping 'solution; and heating the alkali-soluble thermosetting resin remaining on the substrate to obtain a cured film 
pattern. 



Claims 

1 . A process for forming a cured film conriprising the steps of: 

(1) coating an alkali-soluble thermosetting resin compositfon on a substrate, and baking it; 

(2) coating a radiation sensitive resin composition on the coated film, and t»aking it; 

(3) exposing the radiation sensitive resin composition on the substrate to radiation through a predetermined 
mask and k>aking it; 

(4) carrying out developnf>ent with an alkaline developer; 

(5) immersing the substrate carrying the coated films in a stripping solution to remove ttie upper layer film; and 

(6) heating the tower layer film of alkali-soluWe thermosetting resin remaining on the substrate to obtain a cured 
film pattern. 

2- The process of daim 1 . wherein the step(s) off baking andAor exposure to radiation areAis carried out between the 
steps (4) and (5). 

3. The process of claim 1 . wherein the alkali-soluble themx>setting resin composition is a copolymer of (a1) at least 
one conpound selected from ttie group consisting of free unsaturated carboxylic ackis and unsaturated carboxylic 
anhydrides. (a2) an epcxy group-containing radical polymerizaWe unsaturated compound, and (a3) a radical 
polymerizable unsaturated compound other than (a1) and (a2). 

4. -Rie process of daim 1 . wherein the radiation sensitive resin composition is a combination of a sensitizer and an 
alkali-soluble resin selected from the group consisting off an alkali-soluble novolak resin, polyvinylphend and copol- 
ymer off vinylpherx)l and an olefin copdymerizable therewith. 

5. The process of daim 1 . wherein baking in the step (1) is carried out at 50 to 200°C for 0.5 to 15 minutes. 

6. The process of daim 1. wherein baking in the step (2) is carried out at 50 to 200»C for 0.5 to 15 minutes. 

7. The process of daim 1 . wherein baking in the step (3) is carried out at room temperature to 200X tor 0. 1 to 1 0 min- 
utes. 1 

8. The process of daim 1 . wherein immersion in the step (5) is carried out at 0 to 120«C for 10 to 1 .000 seconds. 

9. The process off daim 2. wherein baking to be carried out between the steps (4) and (5) is carried out at a temper- 
ature higher than the baking temperatures of the steps (1) to (3). 
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